Results
The cells observed were classified into five cell types: fused gametes (Type I), beginning (Type II) and completion (Type III) of the preferential digestion of the male-derived cp-DNA, and beginning (Type VI) and completion (Type V) of fusion of the cell nuclei. With the passing of time, the five types of zygotic cells appear successively in the order listed. The results without an inhibitor are shown in Fig. 1 . This is also the control for the experiments with antibiotics that follow.
The effects of four different inhibitors on the gametes were tested. Rifampicin and chloramphenicol inhibit transcription and translation, respectively, in the organelles, while actinomycin D and cycloheximide inhibit these activities in the cytoplasm. The effects of these inhibitors on the appearance of Types I-V zygotic cells were observed up to 8 hr after mating. None of the inhibitors affected cell fusion (Type I). The organelle inhibitors had no effect on the preferential digestion of male-derived cp-DNA (Types II and III), while the cytoplasmic inhibitors interrupted the preferential digestion of male-derived cp-DNA (Table 1 ). The effects on the appearance of Types IV and V, which are in the process of nuclear fusion, were the same as for Types II and III. Only the two inhibitors of cytoplasmic transcription and translation interrupted nuclear fusion (Table 1) . This indicates that cytoplasmic transcription and translation are necessary for both the preferential digestion of cp-DNA and fusion of the cell nuclei after mating. The effects of actinomycin D and cycloheximide, given at various times after the gametes were mixed, are shown separately for each of the five cell types in Fig. 2 . Neither inhibitor affected cell fusion (Type I). The progression from Types II to V was not affected by the addition of inhibitors. No irregular cells that appeared to have skipped a stage in the progression were observed with inhibition by either actinomycin D or cycloheximide.
The times at which the inhibitors were added influenced the appearance of the different cell types. When they were added immediately after the mating period, they had the same, full effect as when added to the gametes. This is referred to as the sensitive period. This is followed by a period Inhibitors were given to gametes 30 min before mating, and observed at 8 hr after mating. Relative percentages against the control values are shown. See Fig. 1 about the definition of zygotic cell types. a) More than 120 zygotic cells were counted for each inhibitors. b) The same concentrations given with chloramphenicol and rifampicin as a solvent of the stock solutions, respectively. of partial sensitivity (Fig. 2) . These periods of partial sensitivity to actinomycin D and cycloheximide, affecting transcription and translation respectively, indicate that there is some accumulation of mRNA or gene products involved in these processes (summarized in Fig. 3) . The transcription of genes leading to the preferential digestion of male-derived cp-DNA (Types II and III) begins immediately after cell fusion, while there is a time lag after mating before the start of transcription leading to fusion of the cell nuclei (Types IV and V). The effect of cycloheximide on the appearance of Types II and III cells showed a remarkable inhibitory pattern (Fig. 2) . When cycloheximide was added during the period of partial sensitivity, between 10 and 40 min after mixing, cells inhibited as Type II never became Type III cells. Without exception, 8 hr after mating, the male-derived cp-DNA remained partially digested. Actinomycin D had the same effect as cycloheximide, although the period of partial sensitivity was shorter. Furthermore, the beginning of the period of partial sensitivity starts before the midpoint of the period required to complete digestion. These results suggest that the expression of additional gene(s) is required to complete the preferential digestion once it has begun. 1993, Armbrust et al. 1993) . In previous studies (Kuroiwa et al. 1983a, b) , completion of the preferential digestion of cp-DNA was observed with inhibitor treatment, i.e. cell Type III appeared. In this study , the two cell types representing the beginning (Type II) and completion (Type III) of digestion were considered separately. Two possibilities were considered to explain the additional translation necessary to complete preferential digestion of the cp-DNA. First, the expression of an additional gene or genes after the expression of the first zygotic gene is required to complete the preferential digestion of cp-DNA. In this case, there are at least two steps that control the uniparental inheritance related genes , and the gene group expressed first includes a transcription factor for the induction of new genes . Second, there is a continuous signal promoting cp-DNA digestion that must not be interrupted. An essential gene, which is already expressed before the beginning of the preferential digestion of cp-DNA, may have a quick turnover, e.g., calcium-dependent nuclease C (Kuroiwa 1985 (Kuroiwa , 1991 and its promoting factor. mRNA and protein synthesis involved in fusion of the cell nuclei Actinomycin D and cycloheximide treatments also affected fusion of the cell nuclei . In previous studies (Kuroiwa et al. 1983a, b) , both inhibitors affected the preferential digestion of male-derived cp-DNA, but did not affect fusion of the cell nuclei. It is felt that different cell conditions used in these studies affected cell sensitivity to the inhibitors. Fusion of the cell nuclei requires a longer period of mRNA and protein synthesis than the preferential digestion of cp-DNA. The progression of gene expression in fusion of the cell nuclei is not as synchronous as in the destruction of malederived cp-DNA. It is difficult to determine the minimum periods required for mRNA and protein synthesis. If this is possible, it will help us to determine which of the zygote specific genes are involved in fusion of the cell nuclei.
Summary
The preferential digestion of male-derived chloroplast-DNA (cp-DNA) and fusion of the cell nuclei were observed in zygotes of the alga Chlamydomonas reinhardtii , when transcription (actinomycin D) and translation (cycloheximide) inhibitors were given at various times after mating . The minimum periods required to complete cytoplasmic transcription and translation were estimated . Genes playing a role in uniparental inheritance are transcribed from the moment the gametes fuse until about 1 hr after mating, but fusion of the cell nuclei requires a longer period of gene expression. Observations of two cell types indicating the beginning and completion of the preferential digestion of male-derived cp-DNA suggested two possibilities. (1) Expression of additional genes after expression of the first zygotic genes is required to complete the process. (2) The presence of a continuous signal promoting cp-DNA digestion is necessary for completion. 
